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.o (1) ML, = The Electrostatic Storage System, ES, located in the 
50000 cabinet, provides rapid access storage for 1024 36-bit words, The octal ad- 
dresses 00000 through 01777 are assigned to the system. Since the information 
stored in ES is volatile a procedure of continuous regeneration must be used to ~ 
retain the contents while being used, and, if the contents are to be retained 
after using, the stored words must be transferred to non-volatile storage such 
as the Output System, the Magnetic Drum Storage System, or the Magnetic Tape 
Storage System. 

) ES is divided into several parts. The 36 cathode ray tubes, CRT, provide 
the actual storave of digital information. The Electrostatic Storage Output Reg- 
ister, ESO, provides temporary storage for words being transferred in or out of 
CRT. The locating system is composed of the Deflection Register, DR, the Dnsh 

—, Deflection Register, DDR, the Deflection Generator, DG, and the Regeneration 
Counter, RK. The generation of the storage sequences is performed by the com- 
bination of the Electrostatic Storage Access Control, ESAC, and the Electrostatic 
Pulse Distributor, EPD. 

(2) ELECTROSTATIC STORAGE, 


(a) CATHODE RAY TUBES, - Electrostatic storage utilizes specially 


) manufactured cathode ray tubes which have five-inch blue phosphor screens of 
and 
) medium persistance luminescence. Both the phosphor coatingAthe glass serve as 


the dielectric medium for storage. The pickup electrode which is mounted exter- 
nally in front of the screen is made of wire mesh wiose transparency allows di-~ 
rect observation of the tube screen, The electrode provides a capacitive coupling 


to the tube's screen allowing any change in charge pattern to produce an external 
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é = (8) SPRINCIPLI'S OF ELECTROSTATIC STCNASE, + The screen cof the tube 
:* a * 

\. ‘# “is divided into 1924 elemental areas, termed cells; these cells are arranged in 
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a 32 x 32 grid pattern. The BpReLae Da weee Beice.cells is approximately three 
| 2 times the asta er beam Cigueter, a distance niheiGtent te Spavank wateceuatds 
transfer, or "gpilling over", of charges between adjacent cells. 

The electron beam is directed at a particular corner of the cell but is pre- 
vented from reaching the screen by the control grid. Then a pulse of approximately 
one microsecond duration is applied to the control grid allcwing the beam to 
reach the screen. The beam must ‘e of sufficient intensity (velocity) to cause 
secondary emission at the screen; in other words, more clectrons must be driven 
out of the screen than are introduced by the beam. The net result is that a "well" 
is formed in the corner of the cell by the impinging beam. A "well" in this cor- 
ner of the cell is identified as a binary "0"; conversely, the absence of a "well" 
in this corner of the cell is identified as a binary "1", The forming of a "well" 
wnere none existed causes a change in charge pattern which is picked up by the 
wire mesh electrode thus notifying the a, that a "1" is pressnt in the cell. 

we If, however, a "well" exists before the beam is turned on, no change (or very 
littk change) is made in the charge pattern, and the pickup electrode receives 
no signal thus notifying the system that a "O" is present in the cell. 

If a "1" is present and therefore a well is formed by the beam, the "1" 
is changed to a "0" by the beam and the "1" is destroyed. In this case the "1" 
must be restored. Always, just after the sampling signal applied to the control 
grid is removed, the electron beam is deflected diagonally across the cell. If 
a "1" is detected by the orighal sampling signal, the pickup electrode notifies 
external circuitry of this fact and a second signal of approximately one micro- 
second duration is applied to the control grid. This second signal coincides 
with the diagonal deflection of the beam and "digs a furrow" diagonally across 
the cell. As the furrow proceeds, the ejected electrons fill the well formed 
by the first sampling signal as well as most of the "furrow", and, ultimately, 

Nw a "well" is formed in the diagonally opposite corner of the cell. However, since 


this new "well" is never probed by the sampling signal, its presence is incidental, 
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If a "0" is originally present, the pickup electrode finds no chan7e in charze 


C attern; consequently, no external signal is generated, and no sienal is apyv lied 


flected. Therefore, tre "well" is not filled in and tre "0" is retained. 

Since a "well" slowly fills in with electrons in the absence of an impinv- 
ing electron beem, the "well" will ultimately disappear or "decay", Te prevent 
decay, all 1024 cells 2 e continuously sampled, one by one, in + systematic man- 
ner during those intervals when no storage references (reatinz or writing) are 
being made. This procedure is called "regeneration", In the strict sence, only 
the "O"s need be rcgenerated since a "1" cannot decav; the "well" in the diagonally 
opposite corner of the cell from position of a "well" representing a "90" also 
fills in slowly, but the total absence of such a "well" will not affect the det~ 
ection of a "1", However, a set sequence is performed for writing, reading, and 
regeneration, and, since the circuitry cannot establish the content of 2 cell be- 

2 fore sampling, the "1"s are regenerated as well as the "O"s. The regeneration 
procedure is interrupted during a writing or reading sequence, but a circuit js 
provided to "remember" the l-cationof the last cell that was regenerated so trast 
the regeneration may cortinue from that point after the storage reference sequence 
is completed. 

(3) ELECTROSTATIC STORAGE OUTPUT REGISTER, - The Electrostatic Storage 

Output Register, ESO, is more than its name implies. ESO serves as a temporary 
storage for words beins written in or read from ES, ESO consists of 36 flip-flops 
and their associated gates. One flip-flop and its gates are associated with each 
CRT. During each operational cycle, whether writing, resdine, or receneration, 
ESC is cleared asthe cycle is initiated. The follcwing sub parsgrophs discuss 
the operation for the three cycles. The discussion is limited to 2 single 

stage of ESO since all stages operate alike. 

Nor (a) WRITING, - The ESO flip-flop V51980 is initially cleared. The 


PROBE signal is applied to the control srid of CRT samnlin= the content of 4 cell 
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ariwrites a "0" if a "1" exists or strengthens an existing "0". Ifa "l" is de= 

Cc tected, the pickup electro’e sends an enable to gate V51903, but since this is a 
writing operation, the PNSTORE signal is not issued. Instead , the WRITE signal 
is issued wiich, if a "1" enable is applied to gate V51904 by the X-Register, sets 
the ESO flip-fl:p V51980 to the "1" state enabling gate V51991. The DASH signal 
then passes through V51901 and restores the "1" in CRT. Conversely, if no "1" 
enable is supplied by the X-Register, gate V51904 is disabled and the WRITE signal 
is blocked leaving the ESO flip-flop in the "0" state which in turn keeps gate 
v5190§ disabled blockins the DASH signal. Thereby the "0" created by the PROBE 
signal in CRT is allowed to remain and effectively a "O" in the X-Rercister stage 
is written in the corresponding CRT. 

(b) READING. - The ESO flip-flop V51980 is initially cleared. Then 
the PROBE signal is applied to the control grid of CRP sampling the content of a 
cell and writes a "0" if a "1" exists or strengthens an existing "0", Ifa "1" 

= is detected, the pickup electrode enables gate V51903 allowing the RESTORE signal 
to set EBO flip-flop V51980 to the "1" state. Gates V51901 and V51902 are enabled.. 
the former allows the DASH signal to restore the "1" in CRT, and the latter passes 
the READ signal which becomes a "1" FROM ES signal. The “l" FROM ES signal is sent 
to the X-Rezister setting the corresponding stage to "1", If the PROBE detects a 
"O" in CRT, nothing further takes place and the corresponding stage in the X-Reg= 
ister is left cleared denoting that a "0" is prescnt in ES. 

(c) REGENERATION. - In the absence of either a writing or reading re- 
ference the regeneration cycle is repeated continuously cach cycle being enacted 
on a different cell in CRT. After 1024 such cycles have been performed, regen- 
eration starts over with the first cell agnin. The sequence aned for regeneration 
is exactly like the reading sequence except that no READ signal is produced and 
therefore no information is transmitted to the X-Rezister. 

oo (4) LOCATING SYSTEM. - The locating system is used to direct the elec- 


tron beams in all 36 storage tubes to the same cell position or address. A sec- 
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‘ondary function is to provide the dash deflection voltazes used for restoration 
and writing "1"s. The system consists of the Address Source flip-flop, the Def- 
C flection Recister, DR, the Insh ‘eflection Register, DDR, the Deflection Generstor, 
DG, and the Regeneration Counter, RK. 

(a) ADDRESS SOURCE. + The source of the address to be used in an operation 
can be either SAR or the Regeneration Counter, RK. Control over the choice of ad- 
dress is controlled by the Address Source flip-flop, V8) located on the chassis of 
Jack 50063, This stage has gates on both enables. When writing or reading is to 
take place, the INITIATE “PITE signal or INITIATE READ signal set the flip-flop to 
the "'" state enabling the gate on the "1" side whichallows EP-O (a distributed cl- 
eck pulse discussed below) to sample gates enabled by SAR and thus provides the SAR 
address to the system. EP-O also resets the flip-flop to the "0" state. ees 
"Oo" state the flip-flop enables its "0" gate allowing EP-O to sample gates enabled 
by RK and thus provides the regeneration address to the system. Therefore if rea- 
ding or writing is to take place, ES receives its address from SAR, otherwise the 

~ adress is taken internally from RK. 

(b) OEPLTCTION REGISTER, - The “eflection Register, DR, receives the ES 
address from SAR or RK and provides enables to the Deflection Gengprator, DG. DR 
consist of 10 flip-flops and is divided into two parts of five flip-flops ees 
One half receives the five lower order address bits and provides enables for the 
horizontal deflection cencrators. The other half receives the five higher order 
address bits and proviles enables for the vertical deflection generators. The 10 
bit address receive? by DP may come from either SAR or RK depending on the operat= 
ion to »e performed. 

(c) DASH DEFLECTION R°GISTTR, - The Dash Deflection Register, DDR, supplies 
enables to the AeMection generator which ultimately deflect the electron beams in 
CRT diagonally across the referenced cells. This deflection is coincident with 
~’ the DASH signal and is used to write "1"s, DDR consists of two flip-flops; the 

enables from DD I are applied to the horizontal deflection generator and the 


enables from DD II are applied to the vertical deflection generdpr. Since these 
enables are applied simultaneously, the net result is to ‘enerate veltages in both 
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generators that drive the beams at 45° or diagonally across the cells. The DDR 
enables last approximately three microseconds and the DASH signal occupies app-= 
roximately the first microsecond of that interval. 

(4) DEFLECTICN GEYER‘TOR. - The Yeflection Generator, DG, generates 
pairs of push-pull deflection voltages that are applied to the electrostatic de- 
flection plates in CRT. DG consists of 12 stages of current adding networks; six 
stages are associated with the horizontal deflection and six stages with the ver-= 
tical deflection. Five stages in each set develop the deflection voltages used in 
the cell (address) location and the sixth stage in each set supnlies a component 
of the dash deflection. Each stage consists of a pair of triode amplifiers with 
the exception of the dash deflection stage which has a pair of pentode amplifiers. 
The stages differ from one another by having different cathode load resistors ar=~ 
ranged in a descending geometric series (see following paragraph). The enables 
from DR and DDR are applicd to the control grids of the tubes thus allowing con- 
duction or cutoff depending on the state of the register flip-flops. In each stage, 
the "O" enable from the register leads to one amplifier and te "1" enable leads 

to the other amplifier. In the horizontal 
genermtor, the plate leads of the "0" amplifiers are tied together and lead to one 
of a set of horizontal electrostatic electrodes in CRT. The plate leads of the "1" 
amplifiers are also tied together and go to the opposing electrostatic electrodes. 
The same circuitry is used in the vertical generator. 

The amplifiers leading to the lowest order DR flip-flop (DRy) both have 
cathode load resistors of a value, R. The amplifiers associated with DR, have 
cathode load resstors of 2 value R/2, The amplifiers associated with the fifth 
stage (highest order), OR,» have cathode resistors of a value R/16 thus establis- 
hing a binary progression, Since the "0" amplifiers in the orizontal zenerator 
have their plates tied tozether, all stages that are conducting draw current pro= 
porticnate to their respective cathode resistor values. These currentsare surmed 


an¢ the resultant voltaze aeross the plate resistor 7 
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S applied to one side of the 
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horizontal electredes of a set in CRT. The voltacs developed across the common 
plate resistor of the "1" arplifiers is aprlici to the opposing electrodes of a 

set in CRT. These voltarves operating in push-pull deflect the electron beams in 

all 36 CRT to the same point horizontally. The vertical generator performs in like 
manner and thus a particular cell location is selected, 


While in that location, equal voltaszes are applied later to both the horize 


i} 


ontal and vertical electrofes by the dash generntors. (These staves have cnthod 
resistors of a value 2R,) These new current summations reflect the beam diagonally 
across the cell. 

Beease of the nature of the addinz networks a short period of time must be 
allowed for the summaticn currents to stabilize and select a cell position before 
applying the PROPE signal. For this reason, the distributed clock pulse, EP=1 
(discussed later), is not used since this time interval is needed to allow the el- 


ectron beams to come to rest. However, during the dash interval, the movement of 


the beam as the dash deflection voltazes are applied are capitalized upon by app- 


the length of one cell position diagonally. 

(©) P=GENERATION COUNTER. - The Regeneration Counter, RX, is used to 
provide and keep track of the orderly sequence of regeneration addresses, RK is 
a ten-stage binary counter which counts from 0 to 1923 (decimal). The enables from 
RK lead to gates which are sampled by EP-O when the address is not being supplied 
by SAR, EP=-9 is also used to advance tne count in RK except during a storase ref 
erence when SAR is used as an address source, 

The count from RK is not suprlied consecutively to DR. It will be noted that 

the interlace provides orderly but not consecutive addresses. This is done to pre- 
vent repeated references to the same portion of CRT which could develop undesirable 


Meplash", Splash is an effect of secondary emission in which the ejected 


: - aes ail he waves 1 snt to 2 li- 
electrons fall into adjecent cells. Splash, of corse, is always present to 2 li 
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mited extent but the problem is to prevent excessive splash by probing too small 
an area. Accordingly the regeneration aldress are interlaced to widen the probed 
area as much as possible. 

(5) SEQUENCE GENERATION. - The electrostatic storage sequence is derived 
by the combination of the E'ectrostatic Pulse Distributor and the Electrostatic 
Storage Access Control. 

(a) ELECTROSTATIC PULSE DISTRIBUTOR. - The Electrostatic Pulse Distri- 
butor, EPD, is used to provide a four-pulse cycle which governs the sequences in 
ES, This cycle is derive? from the 502 ke CLOCK PULSLS and is repeated every 
eight micrcseconds. EPD consists of two flip-flops, four gates and associated 
"and" circuits. The flip-flops form a two-staze binary counter. Each set of 
four CLOCK PULSTS produces a cycle in which the issued pulses are two microseconds 
apart. Only three of the four pulses are sent to the Electrostatic Storage Access 
Control; these, in a single cycle, are the first, third and fourth pulses, identi- 
fied respectively as [P-0, EP-2, and 2P-3. The second pulse, EP=l , is used 
only within EPD and the time interval caused by this gap is used to allow the de- 
flection voltages in “ to stabilize, 

(>) ELECTROSTATIC STORAGE ACCESS CONTROL. - The Electrostatic Storaze 
Access Control, ESAC, eniien the signals that govern the ES sequences for wri- 
ting, reading, and regeneration. During each sequence, ESAC allows the EPD signals 
to produce a specific pattern of sub commands which perform ‘he storage operation. 
If no signal is received prowl ate Control, such as one of the initiate write 
signals or the INITIATE PEAY RS signal, the regeneration sequence is performed. 


If a signal is received from Main Control, txe operation is varied «ccordingly. 


During the regeneration sequence and when the equipment is in the TEST conde 
ition, the contents of ES can be changed manually by the operation of the FORCE 
ONES switch or the FORCE ZEPOS switch. When not in TEST condition but in the 
NORMAL condition, %30013 is energized. The contacts of K30013 arply #80vde to 


the screen grids of the amplifiers VO6 & VO7-091 and VYO3-091. When in the TEST 
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condition these contacts are open allowing the FORCE ONES and FORCE ZEROS switches 
to be operative. If its is desired to write all "O"s in ES, opening the FORCE 
SEROS switeh, S40220, removes screen grid voltage on the amplifier preventing 


ny 


the proluction of the DASH signal and dash deflection voltazes. Thereafter, 
no "1"s are written and after 1924 cycles all cells in ES will contain "0", If 
it is desired to write all "l"s in ES, the FORCE ONSS switch, S42019 is opened 
removing screen grid vcltage from the associated amplifiers. This action blocks 
the CLEAR ESO signal. Then each ESO stage is manually set to "1" and after 1024 
cycles all cells in ES will contain "1"s. 

(6) ADDRESS MONTTO?.=- The Address Monitor is a five=inch cathode ray tube 
mounted above the Maintenance Panel. It is used to vive a visual display of the 
adiresses (cells) being referred to in ES. It is especially useful if the ES ref- 
erences get into an iterative loop. The diaiay of such a loop becomes more intense 
and the address references may be seen easily. The deflection voltages used to 
position the beams in the storage tubes go also to the electrostatic deflection 
electrodes of the monitor tube. At the end of each storage reference, EP=3 causes 
an ES RESUME signal to be sent to Pulse Distributor Controls; t is same signal is 
shaped in an ESAC chassis (in 359963) and applied to the control grid of the Ad- 
dress Monitor tube allowing the beam to reach the screen. This causes a display 
of the cell being referredto. Since the beam is turned on for several microse= 

' conds only, the display is not consnicuous unless reperted a number of times at the 
same address. In this way repeated references indicating an iterative loop become 


anparent. 
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TABLE 2= 
WRITE SEQUENCE (2-35) 


192) 


CC Command EP ESAC Command 


Init Write ES (0-35) Set WR Sync (0-35) FF 


Set Address Source FF 


EP-O lear DD I FF 

Clear DD II FF 

Set Probe II FF 

Clear Dash I FF 

lear ESO stages 

SAP —» DR 

lear Address Source FF 

Jet WR/REST (0-14) FF 

et WR/REST (15-29) FF 

ket WR/REST (30-35) FF 
a WR S @ = 


hP2 Set Probe I FF, begin Probe 
Bet Desh II FF 
nitiste 1.1 u-sec delay 
Pa24¢1.1 rite (0-14) 
=sec Write '(15=29)% (¥~®5S0) 
delay rite (30+35) 
lear WR/REST (0-14) FF 
lear WR/REST (15-29) FF 
‘lear WR/REST (30-35) FF 
lear Probe II FF, end Probe 
Set DD I FF 
Set DD II FF 4 begin Dash (£SQ-E5S 
Set Dash I FF 
Initiate 1.1 .u-sec delay 
1 
eS Slear Probe I FF 
S Resume (to ARAC) 0 
iPe 242,25 Clear Dash II FF, end Dash 
-~Sec 
CO 7 . naa ee: ON pte WER PEAS REIL 
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TABLE 2= 


WRITE SEQUENCE 


SCC Command 


‘Init Write ES (0-14)f 


i 
} 
{. 


-0 


\ 


EP=2 
} 


\ 


eer annie ine cmt Rn (lh eH 


, 


EP-2el.1 | 


c 


vonueine 


| 
! 
ee ae 


EP=3 


/EP=2¢2.2 
u-sec 
delay \ 
err ie 


( 0-14 ) 


ESAC Command 


Clear DD I FF 
Clear DD II FF 
Set Probe II FF 
Clear Dash I FF 
Clear ESO stages 
SAR ~~» DR 


Clear Address Source FF 
SET WR/REST (0-14) FF 
Clear WR Syne (0-14) FF 


Set Probe I FF, Begin Probe 
Set Dash II FF 
Initiate 1.1 u-sec delay | 


Write (0-14) X-t>ESO 0-14) 
Restore (15-29) 
Restore (30-35 
Clear WR/REST (0-14) FF 
Clear Probe II FF, end Probe 
Set DD I FF 
Set DD II FF 
Set Dash I FF 
Initiate 1.1. u-sec delay 


Clear Probe I FF 
ES Resume (to ARAC) 


: Clear Dash ITI FF, end Dash 


(aint has vassnionaceierige ted 2 Ee DEAR SE ORO IL nt Aa Ah IU 


Set WR Syne (0-14) FF 
Set Adress Source FF 


on I NET 


) (ES-ESO 15-35) 


begin Dash (ESO-+>ES) 
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TABLE 2- 
WRITE SEQUENCE (15-29) 


SCC Command EP ° ESAC Command 


[inte Write (15-29) aaa OS Syne” (15=29) PF ; 
—— ee Re See eee eee [Se MN 2 7 ee Lt 
EP-O iClear DD I FF 

(Clear DD II FF 

'Set Probe II FF 

iClear Dash I FF 

‘Clear ESO stages 


| | SAR DR 

i ‘Clear Address Source ig 

i iSet WR/REST (15~29) F 

‘Clear WR Syne (5-29). PF 
 aeemeinaies — i i 

{ t 

‘EP=2 Set Probe I FF, begin Probe 


;Set Dash II FF 
jinitiate i. dl u-sec 7 delay 


_ {EP=241.1 Write (15-29) . (X-*ESO 15-29) 
fu-sec | Restore (0-14) (ES—* ESO Gal, 30-35) 
idelay ‘Restore (30-35) 
: ‘Clear WR/REST (15-29) FF 
‘Clear Probe II FF, end Probe 
‘Set DD I FF 
| Set DD II FF4 begin Dash (ESO—ES) 
H Set Dash I 
4 


i Initiate i. 1\ u-sec delay 
p ee ea ceraneen Maan | arn 


‘EP=3 ‘Clear Probe I FF 

' ‘ES Resume (to ARAC) 

— menpenienineaie — eee — whan Le ET ERY CORED 

} 

IEP-2¢2.2 |Clear Dash II FF, end Dash 
hu-sec 

\delay 


Docecrerninmee-tantnenermantatin ed sinati eee ai eee sre RAN Sp are Nr emcee 
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TABLE 2= 
READ SEQUENCE 


SCC Command EP 


re ne 


j 


ESAC Command 


| > | “|Set RD Syne FF 
| ‘Set Address Source FF 
| 

{ 


' EP=O {Clear DDI FF 

Clear DD II FF 

‘Set Probe II FF 
(Clear Dash I FF 
‘Clear ESO stages 
‘SAR -™ DR 


Clear Address Source FF 
Clear RD Syne FF 


| EP=2 Set Probe I FF, begin Probe 


‘Set Dash II FF 


EP=241.1 Restore (0-14) 
u-sec Restore (15-29)) (2S-» iS0) 
delay Restore (30-35) 


Clear Probe II FF,,end Probe 
‘Set DD I FF 
,Set DD II FF 
‘Set Dash I FF 
Initiate 1.1 u-sec delay 


Initiate 1.1 uesee delay 


‘ EP~3 Read (ZS0-™ X) 
Clear Probe I FF 


| EP=202.2 Clear Dash II FF, end Dash 


“u-sec 


Clear Read FF 
ES Resume (to ARAC) 


ERA 1103 
Seetion 2 


3 begin Dash (ESO-»ES) 
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S6C Command 


[ (none) | 


ABLE 2 
Aiisiy < 
TAIN >A T;? \TTT RT 
REGENERATE SEQUENCE 
ao nM 
EP ESAC Command 


‘Clear DD.I FF 
‘Clear DD II FF 
‘Set Probe II FF 
‘Clear Dach I FF 
‘Clear ESO stages - 
RK~™ DR 

Advance RK. 


} 
Hy 


| EP=2 ‘Set Probe I FF, begin Probe 
Set Dash II FF 

i Initiate 1.1 u-sec delay 
EP=2¢1.1 ‘Restore (0-14) 


ju-sec ‘Restore (15-29) $ (%S-miS0) 


idelay ‘Restore (30-35) 

H ‘Clear Probe IT FF, end Probe 
; iSet DD I FF 

‘Set DD IT FF $ begin Desh (ESO~»ES) 
‘Set Dash T FF 

} Initiate 1.1 u-sec delay 

| | s 

ss) ‘Clear Probe I FF 

‘i? | 

} \ 

iEP=242,2 iClear Dash TI FF, end Dash 
luesee i 

‘delay 
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